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际区域稳定的镉相对越多。(2) 同一处理组中，根际区域土壤 pH 值比其他区域
低。其中根际区域的土壤 pH 值比非根际区域低 0.3～0.5。镉胁迫处理组的土壤
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尤其是草酸将可溶性的镉转化为不可溶的草酸镉，H+增加，pH 值越低，生物有

























To reveal the response mechanism of mangrove-soil system to the heavy metal 
pollution, the migration and transformation of cadmium (Cd) had been studied in a 
plant-soil system planted with Kandelia obovata in the artifical rhizoboxes. In this 
research, the subcellular distribution and speciation distribution of Cd in different 
Kandelia obovata organs were determined under different Cd concentration 
treatments（0、12.5、25、50、100 ppm）; the physiological responses of Kandelia 
obovata to the different concentration of Cd stress were discussed; and the 
relationships among diethylenetriaminepentaacetic acid（DTPA）extractable Cd 
content, iron plaque content on plant root surface, cation exchange capacity（CEC）
of the roots, etc with Cd accumulation by plant were systemically explored. The 
major conclusions were summarized as following: 
1. Significant differences were found for Cd distribution and existing forms in plants 
under the study treatments. (1) Sequential extraction of Cd in various parts of plants 
showed that in the young leaves, the greatest amount of Cd was found in extraction 
solution of 80% ethanol, 2% acetic acid (HAC) and 0.6 M hydrochloric acid (HCl). 
While in the mature leaves, the highest value of Cd accumulation was recorded in the 
fractions extracted by 80% ethanol and 0.6 M HCl. With the growth of leaves, the 
amount of Cd in the extraction solution of 80% ethanol and 0.6 M HCl significantly 
increased accompanied by the decreasing of the other forms. (2) With the Cd 
concentration increasing from 0 to 50 ppm in the study treatments, Cd contents in the 
stems and hypocotyls increased gradually; however under 100 ppm Cd treatment, Cd 
contents in the stems and hypocotyls were lower than that of 50ppm. Most of 
accumulated Cd in both the stems and the hypocotyls existed in the fraction extracted 
by 80% ethanol. (3) No significant difference was found in Cd concentrations of the 
aerating roots under different treatments，and Cd accumulated mainly existed in 















increased with the Cd treatment concentration increasing from 0 to 50 ppm; the 
highest value of Cd accumulation was recorded in the fractions extracted by 80% 
ethanol, 2% HAC and 0.6 M HCl. (4) There was a positive correlation between Cd 
contents in the iron plaque of the fine roots and Cd concentration of treatments. While 
for the aerating roots, peak value of Cd content in the iron plaque appeared under 50 
ppm Cd treatment. (5) The enrichment factors of different parts of Kandelia obovata 
decreased with the Cd concentration increasing. Fine roots had the highest Cd content 
and the biggest enrichment factor, followed by the mature leaves. (6) Cd 
concentration in the cell walls of plant leaves were significantly higher than that in the 
cell organelles and cytolymph, the cell wall was the main distribution site, followed 
by the cytolymph, and organelles combined the lowest Cd. Most of the accumulated 
Cd was distributed in the cell wall which might increase the endurance ability of 
Kandelia obovata to Cd stress. In conclusion, Cd accumulated by Kandelia obovata 
may be absorbed in iron plaque on the root surface, deposited in the cell wall, and 
combine with secondary metabolites (oxalate, phosphate etc.) in plant tissue, which 
made Kandelia obovata endurance high concentration Cd stress.  
2. Cd stress had great influence on both biomass and physiological activities of 
Kandelia obovata. (1) Under study condition, the biomass of Kandelia obovata 
decreased significantly with the Cd concentration increasing. Meanwhile, biomass of 
the aboveground parts(stems, leaves, hypocotyls ) reduced more compared to biomass 
of roots, which indicated that aboveground biomass of Kandelia obovata was more 
sensitive to the Cd stress. (2) The content of malondialdehyde (MDA) and osmotic 
adjustment in leaves of Kandelia obovata changed under Cd stress. Soluble protein 
and proline contents in the leaves all increased with Cd concentration increasing from 
0-50 ppm; and when stressed with 100 ppm Cd, their contents reduced significantly. 
However, the contents of soluble sugar and MDA in the leaves increased gradually 
with the increasing of Cd concentration under study. (3) Compared to the control 
treatment (CK), organic acids contents in the leaves decreased significantly under Cd 
stress; while organic acids contents in the hypocotyls increased significantly. Cd stress 















CK. (4) Oxalic acid of the parts of Kandelia obovata was higher than that of the CK 
under Cd treatment. On one side, oxalic acid reduced the bioavailability of cadmium 
through the combination of cadmium in plant tissues, on the other side Kandelia 
obovata stabled the soluble cadmium by the oxalic acid in the root exudates. Kandelia 
obovata responded to cadmium stress through the change of the biomass and soluble 
protein, soluble sugar, proline, MDA, organic acids, ect.. 
3. Element concentration in Kandelia obovata tissues changed under Cd stress and 
influenced each other with Cd. (1) Cation exchange capacity of fine roots and aerating 
roots changed with Cd treatment and this could reflect the impact of the Cd on 
absorption capacity of nutrients in plant tissues. (2) The Fe, K, Mg, Al, Pb and As 
concentrations significantly（P<0.01） increased with increasing Cd supply. It 
illustrated the synergetic effect of elements in plant tissues. (3) The maximum 
phosphorus contents of the leaves, stems and hypocotyls were found with the Cd 
treatments of 50, 25, 12.5 ppm respectively. Total phosphorus content of the fine roots 
decreased with the increasing Cd concentrations and the total phosphorus contents 
under Cd treatment were smaller than that of the control. (3)Total sulfur contents of 
the leaves and roots increased rapidly with the Cd concentration increasing. Total 
sulfur contents of the stems were higher than that of the control. In hypocotyls, the 
total sulfur decreased with the increasing Cd concentration. The total sulfur contents 
under Cd treatments were higher than that of control.  
4. The soils with different concentration of Cd changed after the growth of Kandelia 
obovata. Stabilization of Cd in the rhizosphere was higher than that of the bulk soil. 
(1) Under Cd treatments, the DTPA extractable rate of Cd in the rhizosphere was less 
than the other three regions (near rhizosphere, far rhizosphere and bulk soil). The 
maximum difference between the total Cd and the DTPA extractable Cd was found 
under 100 ppm Cd treatment. This indicated Kandelia obovata could turn the soluble 
Cd into unavailable Cd. (2) Under the same Cd treatment, pH value of rhizosphere 
was lower than that of the other regions. The soil pH value of rhizosphere was lower 
than the non-rhizosphere region by 0.3-0.5. The soil pH under Cd treatment was lower 















Soluble Cd in mangrove wetland soils changed greatly after 150 days of planting, the 
most change was in the rhizosphere soil, from the initial 12.5, 25, 50, 100 ppm to 0.88, 
5.14, 10.49, 35.51 ppm, regardless of the background value of soil, leaving only 7.04, 
20.56, 20.98, 35.51% of the original, respectively. The rhizosphere played a well 
stabilization to the soluble Cd. With the Cd concentration increased, the stabilized Cd 
was increased and the proportion of stabilized Cd reduced. Soluble Cd increased from 
the rhizosphere to non-rhizosphere, the stabilization of Cd in rhizosphere was better 
than non-rhizosphere. The stable form of rhizosphere and non-rhizosphere were 
different, and the rhizosphere environment was more conducive to the stability of Cd. 
Kandelia obovata could reduce the bioavailability of cadmium through secretion of 
oxalic acid and other root exudates, which could immobilize the soluble cadmium by 
the interaction with the rhizosphere microorganisms and reduce the content of Cd in 
the plant. Kandelia obovata could survive in the soil of Cd pollution. Therefore, we 
could cultivate plants to deal with the mangrove wetlands of Cd pollution by the way 
of phytostabiliation, and it would provide a feasible way to prevent the migration and 
spread of Cd. 
 
































镉在自然界中的分布很广，在地壳中镉含量为0.15～0.20 mg kg- 1，在海水中
为1.1×10 - 4 mg kg- 1，在河流湖泊中为1.0×10 - 4 ～10.0 ×10 - 4 mg kg- 1，在空气中





























































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
